, and a variety of base and precious metal minerals. The coexistence of vapor-and liquid-rich fluid inclusions in vein quartz shows that the molybdenite-bearing anhydrite and quartz veins formed at 360 ø to 410øC from boiling, low-salinity brines. Chalcopyrite deposition in the anhydrite-chalcopyrite veins was at 380 ø to 420øC from nonboiling brines averaging 20 equiv wt percent NaC1 and 25 equiv wt percent KC1. The quartz-pyrite veins formed at 320 ø to 350øC from brines of 1 to 13 equiv wt percent NaC1. The polymetallic quartz veins formed from dilute brines of 1 to 7 equiv wt percent NaC1. Temperatures in the first stage of mineralization of the polymetallic-quartz veins abruptly increased to 400 ø to 450øC in and near Mineral Park, but declined outward to less than 300øC on the district periphery. In subsequent stages, fluid temperatures decreased across the district to less than 200øC. Pressures were 250 to 300 bars, probably in a hydrostatic pressure regime, during boiling related to molybdenite mineralization, but they may have increased to about 1,100 bars lithostatic pressure during chalcopyrite deposition in the anhydrite-chalcopyrite veins. A depth during mineralization of 3 to 4 km is suggested.
The principal methods of this study were geochemical in nature and did not involve mapping or extensive examination of lithologies in the district.
The reader who requires more detailed descriptions of general geologic features should consult the studies by Thomas (1949 Thomas ( , 1953 
Lithology
The oldest rocks in the district are a conformable sequence of folded metasedimentary and metavolcanic units including amphibolite, quartz-feldspar gneiss, biotite schist, hornblende-diopside schist, and minor quartzite (Thomas, 1949) . This sequence was intruded by a biotite granite to biotite quartz monzonite batholith having a U-Pb zircon age of 1,740 _ 20 m.y. (Silver, 1967 
Anhydrite-molybdenite (AM) veins
The mineralogy and the coexisting mineral assemblages of anhydrite-molybdenite veins vary with position in the vein. Molybdenite is invariably found at the contact of the vein with its host rock, in association with fine-grained quartz containing rare solid inclusions of biotite and anhydrite. The basic coexisting assemblage is quartz + molybdenite + biotite + anhydrite. In the center of the veins quartz is more coarse-grained and is laced with abundant solid inclusions of anhydrite, K-feldspar, pyrite, and biotite, which together with depositional textures, suggests a coexisting assemblage of 
Quartz-molybdenite (QM) veins
Quartz q-molybdenite ___ pyrite veins crosscut anhydrite-molybdenite (Wilkinson et al., 1982). Molybdenite is most commonly found at the contact of veins and wall rock, whereas pyrite is confined to the center of the vein structure. Quartz occurs throughout these veins with no textural variation.
Anhydrite-chalcopyrite (A C ) veins
The assemblage in these veins is quartz q-K-feldspar + pyrite + sphalerite + biotite + anhydrite q-rutfie q-chalcopyrite q-minor magnetite q-calcite q-chlorite. Intergrowth textures and solid inclusion distributions suggest that quartz q-K-feldspar q-pyrite + sphalerite + biotite + magnetite + anhydrite q-rutfie are contemporaneous. Where in contact, magnetite and pyrite are intergrown. Chalcopyrite is much more abundant in anhydrite-chalcopyrite veins than in anhydrite-molybdenite veins, but its relationship to other phases is uncertain. Calcite and chlorite appear to replace all other minerals. Biotite is a previously unreported phase. Albite and galena were both noted by Wilkinson (1981) but were not observed in this study; these minerals and epidote are trace constituents and their position in the paragenetic sequence is unknown. There is no zonation from edge to center in these veins.
quartz-pyrite (qP) veins
These veins were an important source of copper for the mining operation (Wilkinson et al., 1982). They contain up to I vol percent hypogene chalcopyrite, and chalcocite occurs as a supergene replacement of hypogene pyrite. The assemblage of coexisting minerals varies as a function of host-rock lithology. Within felsic host rocks the quartz-pyrite vein mineralogy is quartz q-sericite q-pyrite q-minor calcite ___ chalcopyrite. The vein mineralogy changes to quartz q-pyrite q-calcite q-chlorite q-epidote ___ sericite ___ chalcopyrite where they cut mafic host rocks. Quartz-pyrite veins cut anhydritemolybdenite, quartz-molybdenite, and anhydritechalcopyrite veins (Wilkinson et al., 1982).
Polymetallic quartz (PMQ) veins
Physical features: Polymetallic quartz veins are planar to gently curving structures with steep northeast and southwest dips of greater than 60 ø (Eaton, 1980) . They generally conform to the N 30o-50 ø W structural grain of the district (Fig. 1) . The traceable strike length of individual veins ranges from 30 m to 4 km (Thomas, 1949) , with an aggregate surface trace of 140 km (Dings, 1951) . Individual veins range from 10 cm to 10 m wide (Dings, 1951) , and composite mineralized zones of several closely spaced veins reach 25 m in width (Thomas, 1949 (Bastin, 1925) , and fluorite, stibnite, proustitc, pyrargyrite, and miargyrite (Thomas, 1949 Stage 4 consists of numerous supergene minerals, which were listed by Thomas (1949) . Garrett (1938) (Fig. 6) . A temperature decrease was also observed at the C.O.D. mine, with stage 1 forming at 340 ø to 360øC, stage 2 at 230 ø to 280øC, and stage 3 at 160 ø to 180øC (Fig. 6 ).
Salinities were determined using the freezing point depression equations of Potter et al.
(1977b).
All results fall within the range i to 7 equiv wt percent NaCI with no observable salinity difference between primary and secondary inclusions ( (Fig. 7B) , near the eutectic temperature of the H20-NaC1 or H20-NaC1-KC1 systems. Two measurements are near -11øC, the eutectic temperature of the H•O-KCI system.
Quartz-pyrite veins
Six primary(?) type I inclusions from two quartzpyrite veins were examined. The homogenization temperature range of these inclusions is 320 ø to 350øC (Fig. 8) . Three salinity measurements give a narrow range of 4 to 6 equiv wt percent NaC1 (Fig.  7A) . Wilkinson (1981) noted a salinity range in these veins from i to 13 equiv wt percent NaC1. One eutectic temperature of-21.6 øC was obtained (Fig. 7B) , suggesting a simple H•O-NaC1 _ KC1 chemistry.
Anhydrite-molybdenite, quartz-molybdenite, and anhydrite-chalcopyrite veins Twelve samples from diamond drill core at Mineral Park were selected for study, with a vertical sample distribution of over 1,200 m (Fig. 2) . References to these samples include a three digit drill hole identification number followed by depth from the collar in meters. Two type IA inclusions from the anhydrite-molybdenite and anhydrite-chalcopyrite veins have eutectic temperatures near -23øC (Fig. 8C) , corresponding to the ternary H20-NaCI-KCI system. Eutectic temperatures of type IS inclusions have a bimodal distribution with peaks near -22 ø and -11 øC, similar to that noted above for primary type I inclusions in polymetallic quartz veins.
Type IB inclusions: Because of the rarity and small size of type IB inclusions, only 19 measurements were obtained. Figure 11 shows that most of the results are within the range 360 ø to 410øC in each of the anhydrite-molybdenite, quartz-molybdenite, and anhydrite-chalcopyrite veins. One salinity determination gave 6.8 equiv wt percent NaC1 ( reported the presence of type III fluid inclusions in a large, coarse-grained quartz q-biotite vein, which is mineralogically similar to fine-grained quartz q-biotite veinlets that are known to be paragenetically earlier than any of the sulfide-bearing vein stages (Table 1) The solution temperatures of sylvite (100 ø-124øC) and halite (245ø-385øC) from type III inclusions containing both salts as daughter minerals gave 19 to 21 equiv wt percent NaCI (6.2 m) and 25 to 27 equiv wt percent KCI (6.1 m) (Fig. 8B) . The mK/mNa ratio of 0.98 is higher than most published ratios from other porphyry deposits, such as 0.20 to 0.39 at Panguna (East0e, 1978) and 0.14 at Sierrita (Turner, 1983 ), but falls well within the 0.52 to 1.76 range of K/Na atomic ratios at Red Mountain (Bodnar and Beane, 1980) . The salinities of type III inclusions containing halite without sylvite lie in the range 29 to 46 equiv wt percent NaCI (Fig. 8B) . These latter results must be considered incomplete, however, as salinity can only be estimated in terms of the system NaCI-H20, whereas the solution may still contain appreciable, but unknown, quantities of KC1. Even though an inclusion may be saturated in KCI, nucleation problems might prevent sylvite precipitation (Eastoe, 1978) . Salinity results for these fluids represent a minimum estimate only and cannot be compared directly to the more complete salinity determinations on inclusions containing both halite and sylvite. An additional uncertainty arises when divalent and trivalent chloride species are present, as is suggested by the eutectic temperature data below. These species may significantly affect the determinations of NaCI and KCI contents, although quantitative evaluations cannot yet be made (Crawford, 1981; Roedder, 1984) .
The presence of halite and sylvite daughter minerals in type III inclusions suggests that NaC1 and KC1 were the dominant aqueous components in these fluids. Eutectic temperature measurements of -55 ø to -57øC and -35 ø to -39øC on some inclusions (Fig. 8C) require the presence of additional aqueous components. Roedder (1984) stated that the only geologically reasonable component that can lower eutectic temperatures below -50øC is CaCI•, but he also gave a value of-55øC for the HaO-FeCI3 system. Iron chlorides are known to be important in other ore systems, such as Panguna (Eastoe, 1978) , so this component should not be excluded. Eutectic temperatures near -37øC suggest that a magnesium component may be present. The fluids responsible for chalcopyrite mineralization in anhydrite-molybdenite and anhydrite-chalcopyrite veins can probably best be described in terms of the complex system HaO-NaCI-KC1-CaClaMgC12-FeCla (or FeCI3), on which no data exist.
Relationship of anhydrite-molybdenite, quartzmolybdenite, and anhydrite-chalcopyrite veins
The textural and mineralogical variations between edges and centers of anhydrite-molybdenite veins also correlate with changes in fluid inclusion (Fig. 9 ). An exception to this is that type IA inclusions commonly contain opaques, probably pyrite, and chalcopyrite, as included minerals. These opaques could have been derived from reopened type III fluid inclusions during the later hydrothermal event that affected quartz.
Pressure and Depth
The diagrams of Sourirajan and Kennedy ( It was noted above that the exact age of the polymetallic quartz veins has not been established. They are known to be younger than the anhydrite-molybdenite, quartz-molybdenite, anhydrite-chalcopyrite, and quartz-pyrite veins in the porphyrystyle deposit and younger than Laramide rhyolite dikes which are coeval with porphyry mineralization. Geologic relations do not allow for a minimum age limit to be placed. A mid-Tertiary age for these veins is possible, and they could be related to extensive mid-Tertiary volcanism in the district (Thomas, 1953 quartz-pyrite veins formed from low-salinity waters at temperatures 50 ø to 100øC lower than the paragenetically earlier anhydrite-molybdenite, quartzmolybdenite, and anhydrite-chalcopyrite veins (Fig. 11) . The quartz-pyrite veins also formed at temperatures about 100øC lower than polymetallic quartz veins, which crosscut them in the porphyry deposit itself and were also deposited from low-salinity waters. The abrupt increase in temperature from quartz-pyrite to polymetallic quartz veins suggests that they formed from different hydrothermal systems. The fluids that deposited the quartz-pyrite veins probably represent the waning stages of heated meteoric waters convecting about the Mineral Park porphyry deposit, whereas fluids that deposited the polymetallic quartz veins, probably also of predominantly meteoric derivation, were mobilized by a later input of heat beneath a broad area of the district, perhaps because of a later pulse of magma at depth. 7. Both temperature and metal zoning patterns of the polymetallic quartz veins are asymmetrical about the exposed Ithaca Peak stocks but are consistent with fomation about a larger intrusion at depth.
8. The hydrothermal systems that formed the quartz-pyrite veins, and later formed the polymetallic quartz veins, were separate events. Quartzpyrite veins formed from a small convection cell, localized near the Ithaca Peak stocks, at 320 ø to 350øC. Polymetallic quartz veins formed later from a much larger and hotter system which may have been related to an intrusion at depth. 9. Pressures may have increased from 250 to 300 bars during molybdenite mineralization, to approximately 1,100 bars during chalcopyrite mineralization, with a concomitant change from hydrostatic to lithostatic regimes. Indicated depths are 3 to 4 km, consistent with reconstructed stratigraphy.
10. The porphyry deposit is not directly related to the exposed Laramide intrusions but rather formed in a lithocap environment above a suggested larger intrusion at depth (Wilkinson et al., 1982) , similar to the Red Mountain system (Bodnar and Beane, 1980) . The geologic and fluid inclusion evidence suggests that the Ithaca Peak stocks were not directly related to mineralization in the district but that fracturing associated with their emplacement served to facilitate the ascent of mineralizing fluids from depth.
11. The extensive zone of polymetallic quartz veins is not directly related to the main porphry mineralization but is probably related to a slightly younger, but broadly coeval, Laramide intrusion(s) centered beneath the Wallapai district (Fig. 12) . 
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